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POSITION LOCATING SYSTEM 

Reld of the Invention 

The present invention Is concerned with systems and methods for tracldng per- 
sons and/or assets. The invention is more particularly concerned with ensuring the safely 
5 of persons by providing a system enabling more accurate location than hitherto possible. 
Background to the invention 

There is an Increasing awareness that the protection and safety of people and their 
belongings is becoming more of a probtem than it was until recentiy. For example, theft 
of personal possessions, hi-tech portable equipment etc has become more endemic and 
10 perpetrators have become more audacious. There has also been an alarming increase in 
the numbers of abductions and kidnappings of people. This is even more disturbing when 
children are the targets. Of course, there are instances where children simply lose their 
bearing and become separated from their parents or guardians. 

Tracking systems are known, which rely on Global Positioning Systems (GF^), tri- 
15 angulation via radio beacons, and cellular telephone auto-location. In the example using 
cellular telephony, there Is clearly a problem in areas of poor coverage. In addition, a 
user will be confined to a particular network to which he/she subscribes so, even if there 
Is good or acceptable coverage for one network, the same may not be true of another 
network. This could leave the subscriber vulnerable if he happens to subscribe to the 
20 netv^ork with the poorest coverage In the particular area in which he finds himself requir- 
ing a location service. 

In addition, cellular auto-location systems have limited accuracy. This is not unsur- 
prising since cellular ^tems never were intended for location purposes. The only reason 
that the system ''needs** to know the subscriber's location Is to ensure that sendee Is pro- 
25 vided witiiin a cell and when the subscriber moves from one cell to another. 

Present-day cellular systems have many enhanced services, one of which provides 
information to a subscriber based on his location. This can be of advantage to a sub- 
scriber In a strange (to him) location, looking for accommodation, food, general Informa- 
tion about the location and so on. The network dearly needs to know the whereabouts 
30 of the subscriber to make relevant information available via the handset Cellular systems 
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can determine positional accuracy to within 100 metres but often to within 400 metres. 
This Is tantamount to indicating in what street a handset may be located but this would 
not necessarily be accurate enough to locate a missing person or stolen asset(s)» What is 
needed Is the ability to locate a building v^thin a street or even a room within a building. 
5 Global Positioning Systems GPS have become a standard for position location and 

navigation, especially in road vehicles and other forms of transport Asslsted-GPS pro- 
vides an enhanced service and positional accuracy but remains subject to various pertur- 
bations that deny Its full potential. Some such factors Include the configuration of the 
transmitter and receiver, physical location (e.g. geographic latitude; surrounding objects 
10 blocking reception or causing multi-path reception) satellite constellation status and Iono- 
spheric conditions. GPS tends to be unreliable, at best, within buildings, and may well be 
unavailable. 

Despite these technical advances, there still remains a need for a more dependable 
and accurate system for position location that requires little effort on the part of the sub- 
15 scriber but which provides an accurate Indication of his/her location, espedally In emer- 
gency or comparable circumstances. 

It is especially important to be able to continue to monitor position when GPS and 
other location systems are unavailable, and to be able to communicate this position even 
when out of range of a base monitoring station, for example. 
20 Summary of tfie Invention 

The present invention therefore provides. In one aspect, a position locating ^stem 
comprising a radio receiving base station and a plurality of portable radio transmit- 
ter/receiver de>^ces each having means for determining an Instantaneous global position 
for said device and adapted to signal said position to the base station, each device also be- 
25 ing adapted to monitor transmissions from other devices within the system and to relay 
said messages from one device to another, whereby a message from a device out of range 
of the base station can be relayed to the base station. 

Preferably, tfie means for determining position comprises a cellular network and a 
global positioning ^stem, a cellular communications device provided with means to re- 
30 celve signals from tiie global positioning system and the cellular network such that the de- 
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vice uses either or.both of the global positioning system and the cellular network to gen- 
erate accurate positional Information concerning the location of the device. 

The communications device may be a two-way radio device for enabling speech 
communication by, for example, a VHF link, but It may sdtematively be incorporated Into 
S some other personal device carried by the user, for example a cellular telephone, being 
arranged to operate Independently of the telephone. Thus, for example. If the telephone 
Is carried by a child subject to kidnap or otfier attack, and the attacker switches off the 
telephone, distress signals can still be transmitted, for example as a result of the child 
pressing a "panic button", or automatically, for example as a result of detaching the tele- 

10 phone from the child's clothing, or as a result of separation from an alerting device car- 
ried by the child, for example incorporated Into a button or other disguised device. In 
one embodiment, the communications device Is Incorporated into a battery for a cellular 
telephone, being triggered to send a distress signal In response. Inter alia, to Its removal 
from the telephone. In this way, if the attacker removes the battery from the telephone 

15 In an attempt to prevent communication, the distress signal is triggered. It will be under- 
stood that an essential element of the distress signal will be a position Indicator, based on 
the last-recorded position from the GPS or other system, as updated, where necessary, 
by an inertial guidance device, as hereinafter described. 

The Invention also provides a method of transmitting position data from any one 

20 of a plurality of portable radio transmitter/receiver devices to a radio receiving base sta- 
tion, each device having means for determining an Instantaneous global position for said 
device and being adapted to signal said position to the base stetion, the method compris- 
ing monitoring at each device transmissions from other devices within the ^stem and re- 
laying said messages from one device to another, whereby a message from a device out of 

25 range of the base station can be relayed to the base station. 

When the communications device Is out of range of the radio-based position de- 
termining systems sudi as GPS and cellular autolocation systems, an inertial guidance sys^ 
tem, for example based on a solid-state motion sensor, can continue to calculate changes 
relative to the last received position, so as to provide a reasonably-accurate estimate of 

30 current position which can be relayed to a base station, either routinely to enable position 
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to be continuously monttored, or on demand, for example In . response to an alarm condi- 
tion Initiated by the user of the communications device. Where the communications de- 
vice Is out of range of the base station, communication of the alarm message can be 
achieved by relaying the message through neighbouring communication devices similarly 
5 equipped. \M\\le this may be more readily applicable to spedalist communications net- 
works, such as police networks, wider application could be achieved by building the nec- 
essary transceivers into public network devices. One way of achieving this might be to 
incorporate the transceivers into a readily-replaceable component such as the battery 
pack of a mobile telephone or the like. By permitting existing telephones to be easily 

10 converted, the availability of neighbouring devices to relay alarm messages and positional 
information Is signlflcantiy increased. Also, by providing the transceivers as separate items 
to the electronics of the mobile telephone, they can continue to operate even when the 
telephone Is switched off. 
Brief Description of the Drawings 

15 In the drawings, which Illustrate exemplary embodiments of the Invention: 

Figure 1 depicts a schematic diagram Indicating the sequence of events resulting 
from Initiation of a request for service In the system according to the invention; and 

Rgure 2 is a diagram Illustrating a position locating device. 
Detailed Description of the illustrated Embodiments 

20 The invention relies on a communications device that could be a modified mobile 

handset or a so-called "'blind" device that Is capable only of radio communication and does 
not need to incorporate a speaker, microphone, keypad or screen. In either case, the 
device is provided with circuitry enabling it to communicate with both a cellular network 
and a global positioning system. In Its simplest Implementation, the device may consist of 

25 a standard cellular telephone handset provided with a modified rechargeable battery In- 
corporating the global positioning circuitry. 

The modified battery could also contain a short-range radio transceiver designed 
to be activated remotely. This could be achieved upon reception of a uniquely coded sig- 
nal transmitted from a miniature radio transmitter incorporated in a badge, for example, 

30 worn by a child, the transmitter being activated by pressing on the badge. Alternative op- 
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tions may Include the transmitter being incorporated In a unit that can be worn on a belt 
or other suitable garment, and activated automatically, for ecample, by Incorrect removal 
of the transmitter from Its mounting, or removal at an Inappropriate location. The auto- 
matic activation may be by mechanical means, but Is preferably achieved by some system 
5 In which proximity of another separate component prevents activation, whereby removal 
of the component in excess of a predetermined distance from the transmitter causes acti- 
vation/triggering of an alert/distress signal. 

When the coded signal from the badge or other activating (hvice Is received by 
the handset or other module incorporating the necessary circuitry, the handse^moduie 

1 0 automatically transmits the location co-ordinates to a dedicated communications centre^ 

As a significant safeguard against disablement of the device, preferably any other 
handsets or devices are also triggered to provide auxiliary communication. Taking as an 
example a communication system within an arena (or other building complex, for exam- 
ple), where personnel are provided with a>mmunication devices which also enable the 

15 arena management to track the position of the personnel, the location coordinate signals 
in the tracking mode would be transmitted on a regular basis, the transmission interval 
being determined by the operator of the base equipment, and would be in a packet for- 
mat and directed to the base station. This would suitably be via VHP radio. In the event 
of an emergency (man down, under attack, etc), an alarm message would be sent via the 

20 same WIF link but the packet header would be changed to reflect the nature of the mes- 
sage. This change would trigger actions In the software at the base, but also would result 
in the other communication deuces In the system acting to repeat the alarm packet(s), so 
that, if the communication device sending the alarm message Is temporarily out of range 
of the base station, for example because of r.f. shielding of the signal by the structure of 

25 the arena, other communications devices within range of the sending device can relay the 
alarm packets back to the base station. 

Also, during routine tracking mode transmissions (from a given portable commu- 
nications device) the base station could respond with a handshake packet back to the 
portable device. The lack of this handshake packet for a predetermined number of cycles 

30 would result In the affected device entering an alerting status, but again tiie packet header 
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could advise that this was a network tracking packet to be relayed to base station rather 
than a emergency message. 

These varying packet header types and events would be able to Initiate various 
preconftgured actions in the software program running on the base station computer* The 
5 absence of packets from any particular unit or units could also Initiate various actions. 

In the situation where cellular radio Is the primary carrier the alarm or alerting 
message (again by VHF) would be an attempt to duplicate or replace the primary emer- 
gency transmission over the cellular link. Thus, If a cellular mobile were deliberately and 
incorrectly shutdown the VHF alarm/alerting transceiver would hopefully operate for 
10 some time and via its limited range recruit other suitably equipped devices to carry its lo- 
cation packets. The "suitably equipped devices" might be fixed hardware located 
throughout the territory served, for Instance police, fire, ambulance stations, every high 
street, at cellular repeater sites, etc 

The whole device. Instead of being integrated into a cellular handset, could be 
1 5 concealed from view, for example on a chain worn around the neck. If the device is one 
of the "blind" devices mentioned above and is truly miniaturised, it can be Incorporated 
Into a watch, a watch strap or any other item of apparel or clothing. 

It would be possible to trigger operation of the device, for example for the pur- 
poses of an emergency alert signal, by detaching It from a carrier on the user's dothlng. 
20 The triggering can be by a physical separation of contacts, or by sensing the separation of 
two components; while they are In close proximity, the device remains inert, but when 
one part is removed from the other by a pre-determined distance, it is switched to the 
alert state. 

Where the system is set up to safeguard assets rather than people, for example 
25 lap-top or notebook computers, the device or the transmitter can be Incorporated cov- 
ertly into the casing or into the body of the equipment For example, one of the fold-out 
feet of a typical laptop computer can incor|x>rate a switch that can be activated by the 
user/owner so that unauthorised removal from its present location can trigger a built-in 
transmitter or device to Initiate transmission of the alarm call. 
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When the device Is incorporated Into a cellular handset there will be dear advan- 
tages In integrating the hardware necessary for the Invention within the handset Itself. 
However, as far as the infrastructure is concerned, only location server software will be 
required. This can reside on a Serving Mobile Location Centre (SMLQ, this being an es- 
5 sential entity already present In moblle/ceilular networks. 

Rgure 1 Illustrates the sequence of events. Upon the occurrence of an Incident 
and the subsequent Initiation of a signalling sequence (e.g. pressing a "panic** button, 
automatic activation of a switch Indicating unauthorised removal of one or more assets 
etc) at 1. a uniquely coded signal Is transmitted via a radio transceiver 2 to a handset 3 

10 Incorporating the communication device forming part of the invention. This, in turn, 
transmits positional information to a dedicated communications centre 4, to generate a 
response 5. In a preferred implementation, the Initiating transceiver also triggers any 
other compatible devices 6 In the vldnlty to transmit positional data In parallel. As previ- 
ously mentioned, this enables the tracking system to locate the Initiator of the sequence in 

15 the event that the device becomes disabled. The positional Information Is stored In the 
handset from previous communications with the cellular network 7 and/or the global po- 
sitioning ^stem 8. 

The hybrid system In accordance with the invention Is more reliable and robust 
Failure of one channel of communication is almost Invariably replaced by the other. Accu- 

20 racy of position Information Is likely to be Improved so that positional accuracy within 5 
metises of the correct position Is obtained 50% of the time and positional accuracy to 
within 15 metres is likely 95% oFthe time. 

Rgure 2 Illustrates a system using a number of portable communications devices 
21 In radio communication with a base station 22 and capable of communicating with aci- 

25 jacent such devices within the same system. An example of such a system might be for 
use In an arena or other public place, as hereinbefore described, or for police or other 
emergency services, where It Is Important to know the location of Individuals carrying the 
devices when verbal reports are impossible. Each device 21 comprises a microcomputer 
23 controlling Its operation, linked to a radio transmitter/receiver 24 and to a global posl- 

30 tioning system (GPS) receiver 25 v/hlch tracks the position of tiie device (and hence Its 
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user). Additionally, the device Includes a 3-dImenslonal Inertial tracking device 26 which 
uses solid state motion sensors to track the position of the device relative to each GPS 
measurement (these being made at regular Intervals). If the next scheduled GPS meas- 
urement is not possible, because the GPS receiver is not able to receive the transmissions 
5 from the satellites, the tracking device 26 continues to monitor the position. The position 
signals can thus continue to be transmitted back to the base station 22, Typically, these 
signals will be In the form of data packets transmitted at regular intervals from each con^ 
munlcations devtee 21, and each data packet will Include in its header an identifier for the 
device and an Indication of the type of message being transmitted. I.e. to Indicate that the 

10 packet relates to a routine position indicator, or to Indicate some other condition, for ex- 
ample an emergency. The base station 22 may be arranged to send confirmation data 
packets back to the devices 21 to acknowledge receipt. 

If the device 21 is out of range of the base station 22, the confirmation packets 
are not received, and this can be used to trigger the transmission of packets with different 

15 headers indicating that an out-of-range condition has arisen. Nelglibouring devices 21 
within range and therefore capable of receiving these packages are programmed to rec- 
ognise them and to re-transmit them, either to the base station 22 is this is in range, or to 
other devices 21 to enable the packets to be relayed to the base station 22. Similarly, 
messages from the base station can be relayed to out-of-range devices 21 in this manner. 

20 It will be appreciated tiiat other messages can be relayed across the network of 

communications devices, permitting signalling between devices which cannot communicate 
directly with each other. By the use of different packet headers, different messages can 
be handled in different ways as they are passed around the network. Since It is probable 
that the latency of such a system would make voice communication unacceptable or im- 

25 possible, messages will typically be in the form of data packets conveying text messages, 
position signals and alerting signals for example. 



